The occurrence of microplastic (MP) in the environment is of global concern. MP risk 8 assessment, however, is currently hampered by lacking ecotoxicological methods due 9 to conceptual and practical problems with particle exposure. Natural particles of 10 similar size as MP, e.g., clay and cellulose, occur abundantly in the environment. For 11 MP risk assessment and regulation it must be established whether the addition of MP 12 to these particles represents an additional hazard. We present a novel approach 13 employing a serial dilution of MP and reference particles, in mixtures, which allows 14 the differentiation of MP effects from other particulates. We demonstrate the 15 applicability of the method using an immobilisation test with Daphnia magna 16 exposed to polyethylene terephthalate (MP) and kaolin clay (reference material). In 17 the concentration range of 0.1 to 10000 mg L -1 of total suspended solids (TSS), with 18 MP contributing 0-100 %, the LC 50 values for MP-kaolin mixtures were significantly 19 lower compared to the pure kaolin suspension. MP particles were thus more harmful 20 to daphnids than the reference material. The estimated threshold for %MP 21 contribution above which higher mortality was observed was 1 % MP at 36 mg TSS 22 L -1 . This approach has a potential for standardisation of MP ecotoxicological testing 23 as well as other particulate material of anthropogenic origin. 24 
Introduction
The increasing environmental pollution with plastic waste is of global concern. What 26 is more, this debris eventually breaks down to small fragments collectively termed 27 microplastics (MP) that are omnipresent in aquatic environments, including alpine 28 lakes, rivers, oceans and arctic ice. [1] [2] [3] [4] The amounts of the plastic debris in general, and 29 MP, in particular, are expected to increase because of increased production, 30 continuous discharge, and fragmentation. 5 Research on the hazard assessment of solid 31 polymer particulates is in high demand due to public and scientific concerns. 32 Nevertheless, scientists disagree on the immediacy of the MP pollution problem, [6] [7] [8] [9] 33 and it remains largely unclear whether MP are harmful to biota and what the impact 34 mechanisms are. The continuing uncertainty is, at least partly, related to the fact that 35 MP are a new type of environmental contaminant with yet unsettled methodology for 36 hazard testing. 37 The first experimental MP effect studies included a wide range of animal species 38 focusing mainly on feeding-related impacts in filter-feeders, such as bivalves 10-12 and 39 zooplankton 13, 14 Filter-feeders continue to be among the commonly used test 40 organisms in MP effect studies because they are susceptible to MP exposure via 41 ingestion. Since MP particles are nutritionally inert, their ingestion decreases the 42 energy intake. In other words, the ingestion of refractory material and alterations in 43 feeding (a primary response) leads to lower growth and reproduction (secondary 44 responses) as a result of the decreased caloric intake. 15 45 All these processes occur not only with MP but also with any other refractory material 46 present in natural seston. Both mineral [15] [16] [17] [18] and MP 13, 14, 19, 20 particles have been 47 reported to alter feeding activity and reduce growth. Natural processes, such as wind 48 4 and resuspension, primarily affect the presence of nutritionally inert particles in the 49 water; whereas, human activities, like, dredging and stormwater runoff, may also 50 elevate their concentrations. High concentrations of total suspended solids (TSS) have 51 been found to reduce primary production, 21 suppress population growth of 52 zooplankton 22 and alter feeding behaviour in fish. 23 and (4) support read-across and categorical assessment of solid polymer particles. 83 Here, we propose a new approach employing a linear serial dilution of MP and 84 reference particles in mixtures, to identify MP-specific toxicity while controlling for 85 the total concentration of suspended matter in the experimental system. Further, we 86 demonstrate the applicability of this approach using the 96-h exposure of the 87 cladoceran Daphnia magna to a mixture of polyethylene terephthalate (PET) as a test 88 MP and kaolin as a reference particle. 89 
METHOD 90
The MP Ratio Test was designed to examine whether a particulate material (test particle) is 91 harmful when co-occurring in a mixture with naturally present particulates (reference 92 particle) across a range of TSS concentrations. The rationale is as follows: if the test particle 93 is more harmful than the reference particle, then decreasing its contribution to a mixture with 94 the reference particles should decrease the overall toxicity, assuming additivity of the effects 95 ( fig. 1 ). When the test (MP) and reference (mineral) particles are provided at varying 96 proportions for each TSS concentration, then, by using a range of TSS concentrations, a dose-97 response relationship can be established for each mixture. Daphnia, we expect no effect at low TSS concentrations. The reference and test particles. Kaolin (Sigma-Aldrich) was used as the reference particle; 115 it occurs globally in suspended particulates and has previously been used in tests with 116 daphnids, both as a reference particle when assessing MP effects 13 and as a test particle when 117 assessing effects of TSS 32 . As the test MP, we used polyethylene terephthalate (PET 118 Goodfellow), to represent a plastic that is commonly found in the environment. The PET was We found PET MP to be more hazardous than kaolin for D. magna. The addition of PET 207 powder to the kaolin suspension increased Daphnia mortality, with LC 50 values dropping 208 more than 8-fold in mixtures with >20 % of MP. Moreover, TSS containing 1 % PET was 209 predicted to have significantly lower LC 10 than pure kaolin suspension. The corresponding 210 concentration for 1 % PET-kaolin mixture was 36 mg L -1 , which would represent NOEC of 211 TSS containing plastics (Fig. 2) . 212 The reported effect concentrations of MP are highly variable and span orders of magnitude 213 even within the same level of biological organisation. 27 Unfortunately, only a few reports 214 provide dose-response data for MP-exposed microcrustaceans, 33,37,44 and reference particles 215 are rarely employed. 13, 33 Although truly comparable published data on PET toxicity for 216 daphnids are not available; some reports are still relevant. For example, a 6-day static 217 exposure of the copepod Parvocalanus crassirostris to 14 mg L -1 of PET (<11 µm; assuming 218 that particles are 10-µm and spherical, with a density of 1.38 g cm³) was found to decrease 219 population size. 45 This concentration is four times higher compared our LC 10 for 100 % MP. 220 The difference, at least partially, can be explained by the fact that our animals were starved 221 during the exposure. Moreover, the suspended amount of PET in the study with P. The selection of the reference particles is not a trivial task. One possible criterion is size 252 because size spectra for MP and many naturally occurring particles overlap (clay: <2 Several studies also suggest its low toxicity for daphnids, 13,50 which was supported by our 96-259 h LC 50 of 482 mg L -1 . However, in chronic tests with D. magna, Robinson and colleagues 260 observed a 7-d LC 50 of 74.5 mg L -1 , 32 which can be related to both delayed effects and 261 possible difference in kaolin composition and aggregation during the test. Kaolin powder is a 262 commercially available standard product, but depending on the vendor, it might contain 263 impurities and vary in particle size distribution. 264 When testing effects of suspensions on planktonic organisms, it is essential to prevent that 265 particles sediment or float, because it will affect the encounter rate and intake by the animals. 266 Moreover, particles with different specific gravity will settle with different rates; hence 267 performing tests under static conditions would not provide stable exposure levels. The 268 exposure of planktonic organisms should preferably be conducted using a plankton wheel that 269 keeps particles in suspension, thus, ensuring stable exposure conditions. 51, 52 In plankton 270 ecology, the use of a plankton wheel is a standard procedure when conducting grazing 271 experiments because it minimises the sedimentation of algae. Although less common in 272 ecotoxicological testing, the plankton wheel has been used to assess the effects of suspended 273 clay and other particulate materials on planktonic filtrators. 53 Even though this method 274 requires some additional effort compared to static exposures commonly employed in OECD-275 tests for soluble chemicals, it is a necessity for standardising the exposure conditions. 276 Another area of concern with respect to the standardisation of the testing procedure is particle reserves. 56 Earlier studies using the D. magna acute immobilisation test for particle 295 suspensions have also shown that it is suitable to extend the exposure period to 96 h from the 296 standard 48 h to increase the sensitivity of the test. 37 However, if a test organism other than 297 Daphnia neonates is used, the duration of the exposure must be adjusted depending on its 298 capacity to withstand starvation. (Fig. 2) . 323 The hazard assessment and the regulatory framework for MP contaminants in aquatic systems 324 require integration with an assessment of particulate matter pollution at large because the 325 approaches required to establish toxicity are similar. Moreover, raising levels of black carbon 326 in the atmosphere implies increased inputs of these particles in the aquatic systems, where 327 their environmental effects are also a matter of concern. 60 Addressing all types of particulate 328 17 pollution and focusing on physicochemical properties of these particles would provide a 329 translational value when developing testing and regulatory practices. 
